Abstract. Seismic vulnerability assessment is a critical topic in disaster management. It is a complex uncertain spatial decision making problem due to lack of complete data, vagueness of experts' comments in addition to uncertainties in the numerical data/relations. This paper presents a new Geospatial Information System (GIS)-based multi-criterion decisionmaking (MCDM) method developed for predicting building damages prior to the occurrence of a potential earthquake scenario which considers different sources of uncertainty to make realistic assessments. The developed method suggests an approximate reasoning approach through using Fuzzy Sets theory (FST) and enhanced Dempster-Shafer theory (DST). FST handles the vagueness of the heuristic knowledge on 'importance weights of the selected criteria' and 'the relationship of the criteria with physical seismic vulnerability (PSV)'. The enhanced DST is used for fusion of the information by taking into account the reliability of the adopted criteria. The proposed method's applicability is tested on existing buildings of a municipality district of Tabriz, a historical and earthquake prone city in Iran. The implementation results confirm that the proposed method is a pragmatic, rational and simple model which reduces uncertainties of PSVA to provide realistic predictions essential for assisting planners and administrators with reducing future earthquake losses in urban areas. 
Introduction

26
Earthquake is one of the major natural disasters 27 which causes severe physical, social and financial 28 damages worldwide every year. It is impossible 29 ties in assessing seismic vulnerability of buildings.
87
To this end, a new approach using integration of 
Methods
146
In this research an approximate reasoning-based 147 approach [8, 27] for PSVA is proposed by integrat- represents the part of the uncertainty that relates to the 155 random behavior of a system which is not reducible.
156
The epistemic uncertainty is due to the lack of knowl-157 edge in a system that can be reduced by collecting 158 additional relevant information [49] . The theoretical 159 backgrounds of this study and the proposed model in 160 this paper are described in the following sections. 
175
Defuzzification is an important step in fuzzy modeling which involves converting fuzzy values into crisp values. Many defuzzification techniques are introduced [18] . Graded mean integration technique [5] is one of the defuzzification methods Equation (1) . 
189
Evidence theory first considers the definition of a finite set of hypotheses called the frame of discernment. It is composed of N exhaustive and exclusive hypotheses defined as follows Equation (2):
Forming the frame of discernment, the power set 190 is defined which is composed of 2 N sets Equa-
A key point of evidence theory is the basic proba-195 bility assignment (BPA). For any subset of frame of
be defined as a function from P( ) to [0, 1] having 198 the following properties Equation (4) [43] :
Fusion is a solution to obtain more reliable results
202
in case we have uncertain and incomplete data. . 
211
It is possible to use a combination rule to combine J information sources defined as Equation (6) 
229
Given the discounting coefficients, the discounted 
232
The term 'pignistic' was proposed by Smets [37] to fix the meaning of the belief functions used to represent uncertainty denoted by 'Bet'. Pignistic probability is a crisp estimate in a belief interval and can be determined using Equation (8).
Equation (8) is also called Pignistic Probability
233
Transformation (PPT).
Proposed methodology
234
The proposed methodology consists of three main 235 steps (Fig. 2) 
264
The third step is devoted to developing an enhanced denoted as C = {C 1 , . . . C n } (Fig. 4) . The members In this paper, the alternatives of the decision matrix Concerning each column in the D, the statistical unit which has the highest mitigation priority (i.e. maximum value of each column) is considered as the negative ideal solution (NS) and the unit with the lowest mitigation priority (i.e. minimum value in the column) is considered as the positive ideal solution (IS). Also, the 'uncertainty' represented by 'ISNS' is defined using Equation (9) [54] . defined using Equation (10) [54] . In Equation ( 
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ISNS = (IS + NS)/2(9
ISNS.
359 Table 2 .
380
The discounted BPAs for each criterion (c i ) are 381 calculated using Equation (13). 
400
In order to determine the ranking order of the study units concerning their priority in mitigation activities pignistic probability transformation (PPT) is calculated using the obtained beliefs [37] . Bet (NS) illustrates the statistical units' priorities for mitigation activities Equation (14) representing a value between 0 and 1 for each statistical unit.
The physical vulnerability classes of the studied 401 units based on the calculated Bet (NS)s are illustrated 402 in Table 3 . 
Results
404
Keeping in mind from Section 3.2 that NS was (see Table 3 ). As shown in Table 3 , the units which are (see Fig. 8 ).
424 Table 4 illustrates a summary of the predicted PSV
425
of the statistical urban units in the study area. 29, 31, 32, 33, 37, 44, 55, 56, 58, 60, 62, 64, 65, 66, 69, 70, 71, 72, 74 1.01 13 2 7, 25, 26, 42, 45, 52, 61, 67, 94, 96, 97, 153, 155 1.96 8 3 13, 15, 21, 30, 35, 43, 51, 75, 106, 109, 145, 149 1.45 8 4 0, 1, 2, 3, 4, 5, 6, 8, 9, 10, 11, 12, 14, 16, 17, 18, 19, 20, 22, 23, 24, 27, 34, 36, 38, 39, 40, 41, 46, 47, 48, 49, 50, 57, 59, 68, 73, 76, 77, 78, 79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92 93, 95, 98, 99, 100, 101, 102, 103, 104, 105, 107, 108, 110, 111, 112, 113, 114, 115, 116, 117, 118, 119, 120, 121, 122, 123, 124, 125, 126, 127, 128, 129, 130, 131, 132, 133, 134, 135, 136, 137, 138, 139, 140, 141, 142, 143, 144, 146, 147, 148, 150, 151, 152, 154 14.27 69 5 Fig. 9 . The selected villages of Ahar, Varzeghan for validation.
east part of Tabriz, hit by two earthquakes in Aug.
435
11th, 2012 caused by the movement of Ahar faults.
436
The seismic intensity of these villages provided by
437
GSI was the only available earthquake data near the 438 study area (Fig. 9) .
439
In this research, 37 villages with available required 440 input data (see Table 2 ) were selected for examin- to Class 1 or Class 2 (see Fig. 10 ). This is an effective represented in Fig. 10 
